To support the interface between scientific research and the wider public policy agenda it is essential to make the provenance of research processes and artefacts more transparent and subject to scrutiny. We outline the requirements for a multi-faceted approach to provenance and present a Webbased virtual research environment (ourSpaces) to demonstrate how research artefacts, projects, geographical locations and online communications can be linked in order to facilitate collaborative research, especially when this feeds into the wider public policy agenda.
Introduction
The PolicyGrid project 1 is exploring how novel eScience technologies can be used to support researchers; in particular, the provision of support for evidence-based policy research. De Roure [1] has argued that in order to assist collaboration among researchers it is necessary to go beyond basic eScience infrastructure and to develop technologies to facilitate the discovery and interpretation of knowledge generated by others and to allow connections between people, places, organizations, ideas, and data. The Web has drastically improved this exchange. For example, a scientist can now utilise social networking tools as a way to convey ideas much like a person may want to "Tweet" about his or her day. Similarly, virtual research environments enable users to share scientific resources in much the same way as Facebook might be used to share photos. However, provenance information is essential to enable researchers to assess the accuracy, timeliness, reliability, and trustworthiness of information available on the Web.
In this paper we outline the idea of a provenance fabric, first introduced in [2] which refers to the descriptions of physical artefacts, digital artefacts, people, projects and online communications that are woven together through the use of linked data principles [3] . We argue that such an approach has potential to support creation of warranted knowledge -knowledge that is seen to be authoritative, reliable and guaranteed on the basis of how it has been acquired and scrutinised. We then describe a system (ourSpaces) which demonstrates how Semantic Web technologies [4] in combination with the Open Provenance Model (OPM) [5] and Web2.0 concepts can be used to realise this vision.
Provenance Fabric
To support science on the Web we require a representational framework for provenance which goes beyond simple metadata descriptions of artefacts and processes. Such an approach has to create a single, unified record, bridging both the digital and physical worlds; it must also provide support for reasoning capabilities, to allow it to be used for more than just descriptive purposes. Edwards et al. [2] describe the following requirements for such a provenance framework: While many of the existing provenance solutions [6, 7] have focused on specific technologies to support narrow scientific domains, some recent research has focused on interoperability of provenance information across different systems. Most notably the Open Provenance Model was developed to address issues in managing provenance information in science, independent from technology and domain. The aim of OPM is to provide a technology-agnostic model supporting the digital representation of provenance describing any "thing" that is produced by a computer system (or not). OPM is based on three primary entities namely Artefact, Process and Agent and associated causal relationships namely used, wasGeneratedBy, wasTriggeredBy and wasControlledBy. OPM also defines a core set of rules that specify inferences that can be made on a provenance record (e.g. wasDerivedFrom, wasTriggeredBy).
In order to meet the much broader requirements of our provenance fabric an approach is required which integrates organisations, people, domains, technologies, systems and the physical and digital worlds. The Open Provenance Model has made an important step towards realising this vision by allowing the provenance of individual systems to be expressed in a coherent fashion. However, in order to realise a true provenance fabric we need to go beyond just descriptions of agents, artefacts and processes.
ourSpaces -Supporting Provenance on the Web
ourSpaces [8] has been developed as a working realisation of various elements of the provenance fabric. Built using a number of Semantic Web technologies, users are able to perform various activities such as uploading and describing digital artefacts, maintaining personal profiles, initiating instant messaging (IM) conversations, creating blog posts and calendar events, tagging and commenting on other resources and forming groups (in the form of projects) with other researchers.
At the heart of ourSpaces is an OWL representation of the Open Provenance Model, used to express metadata regarding digital artefacts and processes (opm:Artefact and opm:Process). However, additional ontologies (including FOAF 2 , SIOC 3 , GeoNames 4 ) are used to capture information regarding people, organisations, social networks, geographical context and online communications. This data is then situated within the provenance graph alongside OPM entities. For example, a user may upload a digital artefact (e.g. a data set) and describe it accordingly; another user may write a comment regarding this data set, requesting the publication of more information. This may result in an additional artefact being uploaded into ourSpaces, with metadata linking this resource to its predecessor as well as to the relevant comment. The effect of this is to create a much richer provenance representation.
Through a system demonstration, we will present the following:
• Resource management including resource upload and description; this will include an overview of our ontology-driven solution for metadata creation, facilitating connections between users, organisations, processes and artefacts.
• How OPM can be enriched by social context, including the various social networking features that enable this.
• Group creation and management features including management of projects and organisations.
• Use of maps to query and browse geospatial metadata associated with entities.
• Multiple approaches to metadata querying and browsing, including timelines and graphs, keyword searching and facetted browsing. 
